Previous reports have presented evidence that the lupus erythematosus (L.E.) cell factor reacts with deoxyribonucleoprotein of the cell nucleus, and that deoxyribonlucleic acid (DNA) is essential for the reactioni (1, 2) . More recently, a number of otlher serum factors lhave been identified in systemic lupus erythematosus (SLE) whiclh react with other conistituenits of the nucleus.
These include isolated DNA, purified histone and a material extractable from the lnucleus witlh isotonic buffers wlhich is neither nucleic acid nor hiistonie (3, 4) .
These reactions witlh nuclear constituents lhave been demonstrated by standard immunological techniques suclh as complement fixation (5, 6) , precipitation (7, 8) , hemagglutination (9) , latex agglutination (10) and passive cutaneous anaphylaxis (11) . The serum factors, including the L.E. cell factor, migrate with y-globulin on electrophoresis and sediment with y-globulin on centrifugation. These results suggest that the L.E. cell factor is but one of a group of antibodies to different components of the nucleus whiclh arise in SLE.
However, knowledge of the precise reactivities of the antinuclear factors is necessary in order to establish that they are antibodies and to permit study of their origin and biologic roles. The L.E. cell factor provides an example of the need for such information. Already three different nuclear constituents have been suggested as the substance with which this factor reacts: intact deoxyribonucleoprotein (1, 2, 12) , DNA alone (13) and a protein of the nucleus but not DNA (14) . If the L.E. cell factor is an antibody, it should exhibit a particular antigeniic specificity and, when isolated, should be indistinguishable from typical human antibody y-globulin. The work reported in this paper comprises an effort to identify the nuclear component upon which the L.E. cell factor acts, and to isolate the factor and define certain of its properties. The term L.E. cell factor is used to signify only that factor which induces formation of L.E. cells, and none of the other antinuclear factors.
Because fractionation of the cell nucleus is still in a primitive stage anid because many of the nmethods employed in this study lhave not been extensively used anid verified, the experimenital dletails will be giveni together with the results.
MATERIALS AND GENERAL METHODS
Sera were collected and stored under sterile conditionis at 4°C., usually with 1: 10,000 concenitrations of merthiolate.
Nuclei were obtained from calf thymus glands at 4°C. by the method of Mirsky and Pollister (15) . Glands were minced with scissors, homogenized in a solution of 0.25 M sucrose and 0.003 M CaCl, in a Waring blendor at a speed which did not disrupt the nuclei, filtered through gauze and flannel and the nuclei separated by centrifugation. The resulting nuclei were intact microscopically and had minimal cytoplas'mic contamination.
For storage, nuclei were lyophilized.
Nucleoprotein was prepared from unlyophilized nuclei by extraction overnight at 40 C. with 1 N NaCl (16) . The resulting viscous suspension was centrifuged at 78,000 x G for 90 minutes in the Spinco "L" ultracentrifuge and the clear viscous supernate solution of the nucleoprotein stored at 4°C. Such solutions remained stable for at least 30 days under these conditions. Nucleoprotein was obtained for experimental use by diluting the stock solution with six volumes of cold distilled water, thus bringing it to physiologic salt concentration. Silvery nucleoprotein strands precipitated. These strands were separated by centrifugation and homogenized in a Teflon tissue grinder in isotonic saline. Equal volumes of the homogenate were then removed, spun, and pellets of solid, particulate nucleoprotein used for absorption. In general, nucleoprotein pellets containing 1 to 1.5 mg. DNA were used to absorb 0.5 ml. of serum, although pellets half that size are adequate to absorb completely 0.5 ml. of active serum if an incubation time of 45 minutes at 370 C. were allowed.
Human white cell nuclei were prepared from leukocytes from patients with granulocytic and monocytic leukemia. The above methods were used except that the cells were disrupted in a Teflon tissue grinder in a solution of 0. 25 Two 100 per cent units of complemenit were used and visual endpoinits recorded with appropriate serum and antigein controls. When materials containin1g DNase were used for complement fixation, sodlium citrate was added in excess of the magnesiumii conceintrationi and all reagents employed were free of both calcium and magnesium.
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Precipitin reactions in agar plates were coniducted by the method of Ouchterlony (20) employing 0.5 per cent agar in isotonlic NaCl or appropriate buffer. Double diffusion precipitin reactions in agar were coniducted as outlined previously (8) .
Fluorescent antibody studies were conducted with Drs. Mellors and Ortega utilizing techniques previously described (21) .
Rabbit antisera to Red Cross or Lederle Fraction II humain -y-globulin, Red Cross human albumin and whole normal human serum were employed for immunologic assays. Antiserum to 19S humani -y-globulin was prepared by absorbing rabbit antiserum to normal human y-globulin (separated by electrophoresis) with Fraction II y-globulin, or by immunizinig rabbits with isolated humani macroglobulins. Estimations of y-globulin were made by the capillary tube precipitation method, with gradation of the initerface precipitate from trace to (++++) amounts. Quantitative determinationis of y-globulin were made by the standard precipitin method, using 0.5 ml. of the appropriate dilutions of y-globulin solution, 0.5 ml. buffer and 0.05 ml. of the standardized antiserum.
EXPERIMENTS AND RESULTS
Adsorption of y-globulin and L.E. cell factor ly n uclecoprotein Examples of the highly specific absorption of protein from SLFJ sertum by nucleoprotein are seen in Table I Figure 1 . In this experiment, strands of nucleoprotein were used to absorb both normal and SLE serum. The nucleoprotein strands were then washed six times and stained witlh antibody to normal human yglobulin labeled with fluorescein. In the upper black frame nucleoprotein exposed to normal seruim was stained, and none of the fluorescent If the residue remiiainiing after DNase digestioni was eltited at 560 C. in isotonic salinie, an additionial large amiiounlt of y-globulin was recovered wlhiclh possessed great ability to induce L.E. cell formationi. This y-globulin was capable of fixing complemiient witlh nuclei and nucleoprotein but not with isolated DNA (Column 4). The residue whiclh remained after both DNase digestion and elution at 560 C. contained most of the original histone, a small amnounit of the original DNA and a certain amount of y-globulin (Column 5). An alternative procedure to the elution at 560 C. in isotonic saline was elutioln at 370 C. in 2 N saline.
This lprocedure also yielded considerable y-globulin and miiuch L.E. cell factor from the residue remaininig after DNase digestion of the complex. Columns 6 and 7 summiiiiarize this type of elution.
Identical results were obtained with each of 20 SLE sera studied by this method, despite the fact that these sera contained widely differing groups
The attaclhnleiit of L.E. cell factor to the residue after DNase digestion is weakened by heat. Not only is the factor liberated at 560 C., but small amounts of it are liberated at room temperature and below. Therefore the digestions with DNase were conducted at 40 C. for 15 to 18 hours to minimize elution of L.E. cell factor from the digestion residue during the course of the digestion. J-udged by removal of DNA, digestion at 40 C. for 15 hours is as effective as digestion at 370 C. for one hour. The DNA remaining after this digestion appears to be an "indigestible" residue; further exposure to DNase does not lead to further removal of DNA. 2) Assay of the DNase supernate for L.E. cell formation proved difficult initially. The DNase present in the supernate destroyed the nuclei of the dead "substrate" leukocytes during L.E. cell tests and thus prevented formation of L.E. cells. However, the enzyme was inactivated by heating to 650 C. for 45 minutes while the L.E. cell factor was not. Therefore, DNase supernates were heated to 650 C. for 45 minutes prior to assay of their ability to form L.E. cells. Such heated supernates were shown to be both incapable of inhibiting L.E. cell formation when mixed with solutions of L.E. cell factor and incapable by themselves of causing more than occasional, minimal formation of L.E. cells. This latter activity appeared to be little more than would dissociate if the residue from enzyme digestion were allowed to stand overnight at 40 C. in the absence of enzyme.
3) The yglobulin still adherent to the residue of the complex after both DNase treatment and 560 C. elution was identified by a modified y-globulin consumption method. The insoluble residue was divided into equal aliquots; one was incubated with normal rabbit serum and the other with rabbit antiserum to human y-globulin for one hour at 220 C. and overnight at 40 C. The tubes were then spun and the pellets washed twice. Total protein was determined on each pellet; much more was present in the pellet incubated with antiserum. This indicates adsorption of antiglobulin protein and therefore also the presence of y-globulin on the residue. This y-globulin could not be removed from the residue by further digestion with DNase, further elution at 560 C. or elution in 2 N NaCl. It therefore has not been characterized. This was removed by centrifugation after absorption, washed twice at 40 C. and treated with DNase in the usual manner. The second method was to add to SLE serum the same amount of DNA, but then conduct the absorption at 370 C. with considerable agitation so that the DNA dissolved in the serum. After absorption, an amount of protamine was added sufficient to precipitate nost of the DNA. This precipitate formed instantaneously and was promptly spun out of the serum. The serum was then analyzed for L.E. cell activity and the DNA-protamine precipitate digested in the usual way. In neither instance was the DNA capable of absorbing any significant amount of L.E. cell factor, though in each case it absorbed y-globulin which was liberated after the iuclease digestion alone.
Additional evidence supporting the participation of histone in the reaction with the L.E. cell factor emerges from the failure of the L.E. cell factor to displace histone upon combination with nucleoprotein. A solution of purified L.E. cell factor, recovered from nucleoprotein, was absorbed with a fresh aliquot of nucleoprotein which was then removed by centrifugation. After absorption, all but a trace of the y-globulin and 90 per cent of the total proteini had been removed, Successive aliquots of serum of one patient were absorbed with the same nucleoprotein pellet until no additional L.E. cell factor could be removed from the serumii. The pellet was then washed and used to absorb another serumn. In no instance was the pellet, saturated with the L.E. cell factor of one patient, able to absorb L.E. cell factor from the serum of another patient. These experiments were done with various combinations of the five sera used in the other experiments. (23) . Figure 3 and Table VII indicate that the L.E. cell factor possesses the immunologic characteristics of typical humnani 7S y-globulin. In Figure 3A , the isolated L.E. cell factor from one patient in Well 1 forms a single merging band of precipitate against antiserum to whole normal human serum and antiserum to normal human 7S y-globulin. In Figure 3B the L.E. cell factor from another patient in Well 4 forms similar single bands of identity with normal 7S yglobulin as both diffuse against the same antisera. The L.E. cell factors isolated from 20 different sera lhave all reacted with antiserum to normal human 7S y-globulin. At no time has any serum protein other than y-globulin been found in the L.E. cell factor solutions. Occasionally a small amount of the 19S y-globulin has appeared, the significance of which is obscure. Table VII shows that the capacity to induce L.E. cell formation is completely destroyed by antiserum to normal human y-globulin. Equal aliquots of solution of purified L.E. cell factor were mixed with equal amounts of normal rabbit serum or rabbit antiserum to normal human yglobulin. These mixtures were incubated one hour at room temperature and overnight at 4°C. The precipitates were then spun out and the supernates analyzed for the presence of y-globulin and for L.E. cell inducing capacity. The supernates from the L.E. cell factor incubated with normal rabbit serum retained the L.E. cell inducing capacity and y-globulin but the L.E. cell factor and the y-globulin were precipitated completely from the mixture with antiserum.
The L.E. cell factor also possesses the sedimentation characteristics of human 7S y-globulin. This is seen in Table VIII . SLE serum was separated in a sucrose gradient by density gradient zone centrifugation (24) . This procedure results in a separation of the high molecular weight yglobulin from the low molecular weight y-globulin, the former appearing at the bottom of the tube and the latter remaining near the top. After centrifugation, the contents of the tube were divided into five fractions from top to bottom. The material in each of these fractions was analyzed for protein content, for y-globulin by a quantitative precipitin method, and for L.E. cell activity. It will be seen that the L.E. cell activity remained in that portion of the tube where the bulk of the y-globulin with the lower molecular weight was found, and no L.E. cell activity was found in the lower portion of the tube where the high molecular weight y-globulin accumulated. For comparison, in the final column is shown a similar separation of serum from a patient with rheumatoid arthritis where the rheumatoid factor, which is a -high molecular weight y-globulin, was found in the bottom of the tube.
pH and temperature stability of the L.E. cell factor and its complex with nucleoprotein Isolated L.E. cell factor was found to be stable in glycine buffers at pH 2 and pH 11 for at least 24 hours at 40 C. In isotonic NaCl, it was stable at 650 C. for at least 30 minutes; after exposure to 700 C. for 30 minutes some loss of activity oc- curred, while exposure to 750 C. for 30 minutes resulted in considerable though not complete loss of activity.
All experiments involving the complex of nucleoprotein and L.E. cell factor thus far reported were conducted near pH 7. An effort was therefore made to determine the stability of the complex at different pH's and at temperatures higher than 56°C. Complexes of L.E. cell factor and nucleoprotein were prepared and exposed to temperatures from 60°C. to 750 C. for 30 minutes in isotonic NaCl, or to pH 3.4, 5 and 8 in glycine buffers at 370 C. for 30 minutes. The complexes were then separated from supernates. The supernates were brought to pH 6.7 by dialysis against isotonic saline and tested for y-globulin and ability to induce L.E. cell formation. The complexes were digested with DNase and eluted at 560 C. to recover the L.E. cell factor. Neither higher temperatures nor different pH's liberated L.E. cell factor from the complex. However, heating the complex above 600 C. or exposing it to pH 3 or below appeared to alter it in such a way as to prevent future recovery of the full amounts of y-globulin or of active factor from the complex. Because nucleoprotein dissolves above pH 8, the influence of higher pH was not studied. It was also found that the L.E. cell factor and nucleoprotein can combine between pH 4 and pH 8. The effect of more extreme pH's upon their ability to combine was not explored.
Amount of L.E. cell factor in SLE serum
SLE is characterized by hypergammaglobulinemia. However, the L.E. cell factor in the instances tested has comprised only a small fraction of the total y-globulin. Figure 4 shows a determination of total serum y-globulin by the quantitative precipitin method and by zone electrophoresis before and after removal of L.E. cell factor. Only slight diminution of y-globulin occurred despite complete removal of L.E. cell factor from a highly positive serum by absorption with cell nuclei. In one such instance, the total y-globulin was 20.5 mg. per ml. before and 19.8 mg. per ml. after absorption.
DISCUSSION
The accumulated evidence strongly supports the view that the L.E. cell factor reacts with deoxy- ribonucleoprotein and requires both DNA and Ihistone for reaction. This evidence includes: 1) the two steps required for removal of the factor from the complex with nucleoprotein; 2) the failure of the separated components of nucleoprotein or of purified DNA to react with the factor, and the partial appearance of activity on recombination of nucleoprotein components or on addition of histone to DNA; 3) the inactivity of the complexes wxhen long chain acids are substituted for DNA or when protamine is substituted for histone; and 4) the apparent failure of the L.E. cell factor to displace histone from the nucleoprotein. The requirement of both DNA and histone is compatible with the results of current histochemical studies of the L.E. cell phenomenon (25) .
The exact sites of combination of the L.E. cell factor and nucleoprotein remain obscure. In histochemical studies, exposure of cell nuclei to methyl green prior to absorption of the L.E. serum greatly diminished uptake of y-globulin. Because methyl green is thought to react with the phosphate groups of DNA, it has been suggested that the L.E. cell factor also reacts with these groups. However, the inhibition of the reaction by prior exposure of nuclei to methyl green, or of nucleoprotein to histone or atabrine does not permit a conclusion on this question. It is possible that these substances interfere with the union by physical obstruction of access to the binding sites rather than by direct chemical reaction with these sites.
The biologic role of histone is unknown, and in native nucleoprotein histone may shape or hold the DNA in a particular configuration. Therefore, it is possible that in the reaction with the L.E. cell factor too, the role of the histone is to hold the DNA in proper configuration for binding and not to participate directly in the bond. However, the persistent attachment of the L.E. cell factor to the histone residue after DNase digestion of the complex argues for a direct combination between the factor and the histone.
The possible participation of the nonhistone protein of the nucleoprotein in the reaction is unsettled. Nonhistone protein comprises a minor but definite portion of the protein of nucleoprotein. It is not usually extracted by acid and-it is probable that the protein which resisted extraction in these experiments was in part nonhistone protein. Since this residue absorbed a small amount of factor, reactivity of nonhistone protein cannot be excluded.
In the present experiments, the L.E. cell factors from many different sera, including one from a patient with "apresoline disease," have reacted with nucleoprotein in an apparently identical way, all requiring both DNA and histone. This has been true regardless of reactivities wlhich each individual serum showed toward other constituents of the nucleus. Furthermlore, once nutcleoprotein has been fully saturated with the L.E. cell factor from one serum, it has proved unable to absorb L.E. cell factor from another serum. Thus, while the possibility remains that L.E. cell factors mav be found with different specificities, all L.E. cell factors thus far studied have been similar.
The requirement of DNA for reaction, and the apparent similarity of the L.E. cell factor in all sera studied, are at variance with the results of another study (14) . The differences are probably a consequence of the methods used. TIn the latter study, the L.E. cell factor was not specifically identified. Instead, the absorptioni of y-globulin from SLE sera onto nuclei was estimated b1v the fluorescent antibody method. All y-globulin adherent to wl-lole nuclei was assumed to be L.E. cell factor and the presence of other antintuclear antibodies was not considered. However, it is possible to explain all the results obtained on the basis of reactions of other antinuclear antibodies without inferring that the L.E. cell factor itself either differs from serum to serum, or that it does not require DNA. A likely explanation for the recovery of small amounts of L.E. cell factor from equivalence point precipitates obtained from mixtures of certain SLE sera and purified DNA would be a weak "cross reaction" between the L.E. cell factor and DNA alone. This would be consistent with the behavior of an antibody toward a substance which conitains some but not all of the required combining sites. It is also possible that L.E. cell factors possess different relative affinities for DNA and histone, or that the factor which reacts witlh purified DNA can occasionally cause nuclear clhanges similar to those caused by the L.E. cell factor.
The serumii factor whiclh precipitates or fixes complement with pure DNA is present in a minority of SLE sera. MNIany of the SLE sera used in this study did not show these reactions with pure DNA. However, when they were absorbed with nucleoprotein and the nucleoprotein was digested with DNase, y-globulin was liberated. Despite recovery in significant amounts, this y-globulin was incapable of fixing complement or precipitating with DNA, or of causing L.E. cell formation. In view of the fact that such a y-globulin has not been recovered after absorption of normal serum, it appears prol)able that y-globulins with an affinity for DNA but which are incapable of precipitation or complement fixation with DNA are commonly present in SLE serum. Support for this interpretation comes from the fact that absorption of such SLE sera with pure DNA followed by precipitation of the DNA With protamine and then digestion of the DNA-protamine complex with DNase, also yields this type of y-globulin. The reaction of this latter y-globulin with DNA appears to be specific because it occurs above pH 7.2, which is above the isoelectric point of both y-globulin and DNA. Tlherefore the net clharge on both molecules would be negative, and electrostatic interactions would not be a likely cause of the reaction.
The evidence thus far accumulated suggests that the reaction of the L.E. cell factor and nucleoprotein is an immune reaction. The isolated factor has the physical and immunological properties of typical human antibody y-globulin. It appears to have a sharply defined requirement for reaction.
It is one of a group of antinuclear factors all of whiclh are identified l)y standard immunological techniques. The absence of species or organ specificity exhibited by these antinuclear factors is not characteristic of many immune systems, but antibodies to pneumococcal polysaccharides possess a very broad carbohydrate reactivity (26) , and antibodies to lens, brain and testes do not show species specificities (27) .
The main deficiency in the evidence for an immunie reactioni lies in the great difficulty in obtaininig analogous factors after immunization of animals with nuclear constituents (28) . However, AMiescher has attained some success (29) . The (lifficulties may be due to the absence in the animals of the abnormal immune system which appears to be present in patients with SLE.
The pathogenlic significance of the antinuclear factors is unknown. Considerable evidence suggests that these factors cannot enter a normal cell int vivo (4). They therefore appear to be byproducts of an abnormal immune system rather than responsible patlhogenic agents. However, exploration of this (luestion is in its infancy.
SUM MARY
1. The lupus erythematosus (L.E.) cell factor reacts with deoxyribonucleoprotein of the cell nucleus and reqluires both deoxyribonucleic acid and histone for the reaction. This reaction appears to be the primary step in formation of the L.E. cell.
2. The L.E. cell factor can be isolated from its complex witlh nucleoprotein by digestion of the complex witlh deoxyribonuclease followed by elution from the residue.
3. The L.E. cell factor possesses the immunological and physical properties of typical human antibody y-globulin.
4. The reaction of nucleoprotein witlh L.E. cell factor can be inhibited by prior exposure of the nucleoprotein to histone, protamine and atabrine.
The meclhanism of those inhibitions is not established.
5. The properties of the L.E. cell factor and the specific requirement of deoxyribonucleoprotein for reaction suggest that the reaction is immunological, and that L.E. cell factor is one of a group of an-tibodies to constituents of the cell nucleus w-hich arise in systemic lupus erythematosus.
